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Ill. SUMMARY OF RESULTS: 

This investigation has clearly established the fact 
that, for sections built up of straight line elements, theoreti- 
cal calculations ean be made with a degree of accuracy suf- 
ficient for vractical application and will be on the conservative 


side. 


IV. SCAT ENT oF PROD Wee: 

Sections built up of straicht line elements are ex- 
tensively used as stiffeners in aermautical construction and 
consesyuently knowledge of their strength under compressive load 
is of importance to the industry. All shapes of stiffener sections 
made un of thin flat sheet of remsonible length, are subject to 
t.ree classes of failure, namely: 

i) meee wrinklins: or buckline of the sheet in the 
component parts, 

w‘ duller failure as long slender columns due to their 
use in len*ths which are ordinarily large compared to 

she cross~section, and 

Torsion failure due to torsional instability. 

116 \WBetion at once ariees as to the pointe of transition from one 
type of failure to another, i.e. the limits Within Which each tyne 


of falluresmiay bevexpected fo ogeur. 
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It is apparent fron con sideration of the vroblem 
that the stiffener will fail at whichever critical value of the 
three tynes of failure is the minimum for a given size of 
stiffener. An investigation of anele section stiffeners of 
equal leg lenzths has previously been made by A. B. Vosseller 
Siec. C. Jeronel) , consequently, as an extension of their re- 
search, the extensively used channel section was chosen for this 


investigation. 


7. THHORSTICAL CALCULATIONS: 

In order to present the results of the investigation in 
a clear and concise manner it is necessary to express the formulas 
for the three different tyves of failure in terms of the same 
prrameters. In addition, it is desirable to have these nara- 
meters dimensionless. The critical stress to cause buckling of 
a flat nlate under commression was selected as the tyne cquation. 
This equation and the edge conditions affecting the constant, 


2) 


are summarized in a recent vaper by Donnell in which he sives the 


equation in tne form 


sats 2 
a thic<ness 
Tore tae width | 


This formula satisfies the conditions of dimensionless parumeters 

in that K is a dimensionless coefficient depending unon the ratio 

of the length to the width of the plate and upon the edge conditions. 
j edge conditions in the problem under investigation result in 


% becoming a fumetionwer b,ewv, L, t om 


where »b = lencth of leg (denth of channel ) 


w= width of bac 
L = length of channel 
t = thickness 


t 
Ya Poissons ratio (Taken as 0.3 for 
material tested) 


since the variables which were to be considered 
in this investigation were b, w and t, it was thousht advisible 
to obtain X as a Minction of the dimensionless ratio o/w 
since by holding IL, t ang /- constany K can be expressed as a 
function of (b/w). =, (Youne's Modulus),of course, is 4 constent 
for any given material. 

(a) Eulor Pailure: 

The theory for the failure of struts as “uler 
cOlumns is Well icnown and has been chec’ced closely by Or. von 
Karman) wno Originated the general method of varying the end 
conditions to coynteract initial eccentricities, whieh pris, weed 
in this investicition. The @uler lon#® column forme. i for 
critical stress is ex~rese: as 

mae 
n,-cmlEE 


coefficient of end fixity 





where: C 


Pe least radius of gyration of tross-section 


~ 
re) 


Young's Modulus 

L = length of column 
The end conditions under which the stiffeners were tested were 
made as nearly vin ended as nossible by mountins the chnnnels in 
gro .ves on steel nlates which rested on a hemisnhere of hurdened 


steel (“iz. I),hence tne end fixity was tacen 's moity for all 


calculations. 


q 
uged in the fuler column formuls was deduced by Dr. von “arnan 


as follows: 





The effective leneth of the channel (L) to be 


¢ 


The equation for the bending of a beam is 


END BLOCK 


FLEXIBLE 
L BEAM 
END BLOCK 


Zz 
a i 
EI $4 = Py (1) 


the solution of which is 


Y= Acos v¥, x (2) 


Boundary conditions: ‘ 

AB and CD are suvposed to be of infinite 
rigidity and heme are struight lines, 
therefore 


tan o --(Z) =x for small ansles 
" 

Vise GUO = -2 (44), -4 

or Acos¥ PL = -al-A V4, SIN V 4 


ox cot V¥ b= at Sey ee 


and equation 3 gives the exact value of the 


Proler for the case considered. 


For a = 0 we obtain cot JET Xy =0 


- 7 = 


™ ; ey 21 
ivy 7 UB Pit or P= (4) 


eararara le BT 5s Z ecuation (3) may be rewritten 


7 
4 tan } Pa 5.) 
ard VY Pe; = == 
i) P= el -dz" (6) 


and comparing ejuation (6) with equation (4) 


it is seen that the effective length 


Pe is (7) 


1 27 
therefore Q'=% (Loy Oe Ly (%z~1) or substitutin: from equation 


(aa \e 
VO}. 


q'=al(% -z)tanz (I) 


and from (5) 


/ 
“= 22 tanz (IT) 


an? so ‘* we take Jifferent valnes of % we can calculate corres- 





It fey be s@Oew from the teble thet even in euch 
extrem? caises where the rizid bloc’: equ2zls 27.5% of the lensth 
of the beam sronter, @2,7% of the l@ieth of the ri#id ~ortion is 
to be added to the lenztth of the beam to cive the effective 
lonw column isneth. A standard channel lemzth of 22 inches 
Gs usegmiwet iis investiention, Gad the=conbined ie nth of the 
two end blocks from the bottom of the 7trooves to the ton of 
the hemisvheres was determined as 2.:33" siving an effective 
Euler column length of 24.3" to be used in the “uler formula. 

In order to determine the value of ‘ for the Huler 
eolunn formule, the Zulocr critical stress is equated to the 


eritical stress of the type equation which cives 


2 
enr(H)=E RK (8) 
from which 
2 pa, 
Kease® pepe (9) 


Considering that the channels are of thin sheet and the area 
is annroxinately (2bew)t; calculation of the C.3. cives 

oe ie 2 
‘ee Bee w when ¢ 


terms are neglected. (10) 


Srments |F Tnérftie: Calculations ahont 22 vive 


x 
3 
I,,7 422 42¢6(% -e)*+wter : 
ao | = 
~ w be : 
-t[%+ + Pion + oR] z Fr 
= = nN ee 
aa bi+26w i | 
| Steno - | 
2 
Note: vA “1¢ = %- c ae Poy x 


— a2. Sez | B(b*4+2 bw) | BR 4 2(h%,) 


r: 
RF A 3(zbew J? ' 3(2%, + 1)% 





and sibs®ituting in (9) 


ae [da ad.) | 


end Sif larly for the @uler failure in the other direction, @hich 
is outside the region investigated sincé it cccurs only in 
chan els which have very narrow bac%s and only then provided they 


are kent from torsion or leg late failure, 


v& 
Kix rr * e Pg 


It 6 %u iE me | 1th Xe 
if. (AL (Yd* +30 Ga)7TJ~ Let? | 12(&) [2 Bot] 

(b) Plate Patlure: 

lf @eeG eritical stresses for the flat piate fatlure of 


the legs and back are considered separately, the formula for the 


eet hee 


legs {s aiven by the typo equation 


G.= Ke (%)* 


Cr 


in which » = length of leg and the critical stress for flat plate 


failure of the buck is expressed as 
a 
G@.- ket @® 


ere w=owidtn of back. If:the leg is considered as having simls 
support alow? the edge where ‘t joins the baex, the value of 
"onnell's “@) for thie condition is 9.4 snd considerinz the seme 
edge conditions for the bac:, which would result in simple support 
on All Pour sides, zives a K of 3.5. hen the edge joining the leg 
ane back is considered fixed, K becomes 1.2 for teg plate failure 
and 5.3 for hack plate failure. (For the nurvose of comparison, 
the value of K used by Donnell in Ref. 2 is related to the K found 
in Timoshenko*) and other books on elasticity by the equation 
Kp = t, (om when ft is taken as 0.3). It is apynarent that 
the exact value of K for the specimens tested is somewhere b2tween 
these two extremes of simple sunport and fixed edge conditions and 
mist be deter ined by combining the effect of the lezs and bac on 


enc’ osher. 


= ane 
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The failure of the legs as plates buecklin’ under 
compressive load is essentially a problem of the elastic support 
*iven tne legs by the bacx as the width of the baex varies. It 
is, however, still a problem of plate buckling and muy be 
analyzed in one of two or three methods all quite commlex. 

Of these the “nergy iethod was tacen as the least involved, 
and the follovinzs theoretical exuressions were ‘eveloped by 
Dr. von Kaman. 

The internal energy stored uv in the nlate during de- 
formation is rirst set un using a sine curve anvroximation to 
the true ceflection curve in the lenctth direction ond in the 
direction of “the width of the back coOnsidecrin® that the elanents 
of the lee loeneth b remain strai-ht. The wors done by the 
extermal force is then set un in terms of the deflection, and 
considering that the energy chanze is zero, the work done is mt 
equal to tne energy stored un in the nlate. The eritical value 
of the cormressive stress for bucklins is so detormined and the 
valu@ of the coerficient K for this tyne of failure found in 
terms of the parameters of the channel. 

Considerins that the channel is mde up of three thin 
plates simply sunported or hinged at their top an? bottom edges 


and are ieformed by the compression load, the enorgy of bending 


-~ 12 - 


and twistine for tne deformed sheet is: 


= ee fe [fel Sie) + (SE) +204) (SE eae ve Fe | didy 


anu, if it is assumed that the deflection of the leg may be 


represented by Z= AX, Siw vny 


and that the defiection of the back is 


Zz, = B sin 22 Siw ee 





the internal energy for both legs is 
Ub LL [Are (ont MEL 5 2cicayn lt) cos MI day 


the internal energy of the bick is 


jek 2 Xz 2M Nw 4 2 
V2 = (2) ow, A [oe 7 a SIV MEY + Bu ) S10 Tee SIN wiry 
+ Z (1-4) 6? oe ca Cos MAY 


+24 BT) (40)? sin? The SIT y | dx dy 
and the total internal elastic energy is: 


f “(4 py: BE 42 (1 a)(n) bel Bw (Ee yt ENCE} 


U=U,+U,=£t 





i2U- =) 


But if tne angle between the baex and lag is pressrved, we have 


at she joint: 
¥, = X,-0 and 32 2 3% 


Then 


Asin MaY., BE cog TX Sin NEY 
ie 


or A= Oe 


ont Us aticay BB) [GE + ately] + (Cys (any 


The external works done ‘rin’ buckling is given by: 


W= otf [ (de) dy 


then for the two levs: 


Leh z 
Wog¢t [f Ax? (44) cos Ae Y dy dy 
o % 
and for the bacx: 


4 ew 
WwW, =4etf [ B (AE)* suv? Te Cos* MAY ax dy 


(7) 


and the total externel work dme is: substituting for a: 


—_— 


Wew rug art er (ME) LBL (re, wt} 


Putting © = W 


602 LAPUA HE 20 antes se ]e BL Cale 4 TS 
12 (142) F (aye 7 BL [rt wl 
rg [ I (2) t 6 | 





oe Se ee 


Em 1} 
and putting this in the form = “pe 


} 
k= [Pre SCD rx aon 8) "Ca MCAD 


21-4" 
- BGP + gre 


T find the minimum @ , N must take a value such thvt 





< is a minim or 24 . 9.20 ) a) el &) 4G) # (G) 


gn 


ba! — a 5 
and No = WV 42 (43 
b 3 


Sinplit ing 


Z 
7 ay y x:| (you) 4 4 ve (14) CG 
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It is realized that the assumption made in &p- 
proximating the deflected shane of the leg is somewhat in error 
when it is assumed that the leg element in the B direction re- 
mains straizht. To approach the actuel condition any closer, 
however, an analytical expression must be chosen te mat the actual 
deformation, and the calculation becomes too inv7lv27 to be twe- 


sented here. 


(c) Torsion rat lure: 

The theory for failure of this type of stiffener 
due to torsional instability has been treated recently by 
4H. Yaener and *%. Pretachner”). This method was chosen by the 
authors as being most suitable for their use and expresses the 


value for the critical load of a section under compression ag 


P=7= (Ch+£e Car) 


where (,, = polar radius of gyration of the section with 
respect to the shoar point or elastic centrun. 


G = Modulus of elasticity in shear 


ta 
1) 


Young's Modulus of elasticity 
Te = iffeetive moment of inertia for thin. sheet 


Open sections 


Car Constant datermined by the vending rigidity 


of the flanzes 


This formule is mde up of two parts which will be 


treated separately and combined later. 


«w 76 - 





pn - Gh - EF - ae 2 
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5 a2 
6(/t4) L5, 


ren Wich «. 


Calculation of shear center 


to determine Usp 


In eae leg aM 2% 
dy ~ 





and do, . G 
dy © dx 
but dy = — SHEAR DISTRIBUTION 


tien differentiating an? Soot it uGiec 


Ge A = _ We lo 
ay ~ ay 1 | ee o 





vy + 
ans J Titers tine 


——- Ge + CONSTANT 


Por each ler #e= M4 


at the sdse of each les X=, T=0 onen by “Siretels jon 


Gn C20 or C= Gwe 





- 1? 


the sclution »ecorms 


- Qw 
r= “er (b-x) 
and the shear over each leg is given by TT = awe . 
neal ? ac 24 24 y = 3 } (b-x) dx 


from which ~p>= Gy tb” 
YI 


Then the moment of shear force in both legs about shear center ¢ 
e is _ Qwsit 
Me a AI 


This is balanced by the direct shear force in the back (9) acting 


at distance &. 


once |=, = Qe= Gut 


41 
and @= wi bt 
V Lux 
but 4,5 — (64+!) 


and, substituting for I,, 


_ w*ht/z ae _ 2 vA 
CF inate) ber * gs 


~ 18 «= 


Caleul@tion of on 


sp 
_ a 
$s? A 
= det dee |. (x, + e)* 
A 
~ W+6wth b> 2bw - 2 |* 
Trew! |. b 2 
/2(2 b+ w) 324+ w)* +e b+w) + oe | 
Zz | 
ben . (+64 Barf) ; 


= a re) 
m 28m |. 
£9 (Rr) 5 (2H +1) LL +/ (6£.4/) 


from which for Part I of Torsion 





Formula: 
rd 
= oe 
6/4) Cf, 
for Part IT fe £ 7% Ce 
La L? 
SP 
Cpr * Jw “dA 
where @W = 


twice the area swept throvuzth by a radius 
vector from the shear center to outline of 
section. W@W = warping = 0 at line of symmetry. 


For the back @=2F = gear 
za 


ra 
For half the back then 
SP —_—->X 
2 ze. x “ 
WO” AA = tf e*dz= te*w 
re] 


a4 
sve 


Sor one leg 


b b 
foran- tf (se mp) de = tet [Ob eb # 


Then for total section 


z Zi: z zx 
S 5 eae” » eb ob, & 

BT of a 
substituting for Cp 


5 
R. £g” Ba = ew 1. e%b6 eb" 2 
Le? 2 bs, 6 





Tien Gf A. £¢%7? wi @ 2. ee 
a  «—@ a &  é& (2hew) 6 





2 ef 
r L 


and substituting the value of e above scives 


2 a et) 2 le 
yd /k L*Ct? Lop b* /23*48hw + we 


Te - ae - a se 
Le EB ie(B alee) 
total K for tursion = Ko+ Ke 
Having determined K in relation to b/w for the three 
ifferent types «f failure, the theoretical curves for each type 
C now be plotted on the same coordinate system us will be seen 


a i*Se to as 


VI. EXP URTMENTAL INV SSTIGATTON: 

The determination of the compressive strength of channel 
sections involves three variahles, namely thickness of meterial, 
width of back, and lencth of lez. In order to determine the effect 
of each variable, it becomes necessary to vary onhyone ot 1 time 
and this was done by usinzs two thicknesses of mterial, .025” and 
eUol”, variation of Width of beex from 0.4" to 2.0", one variation 
of lensth of leg from 0.4" to 1.5". The tests were —_ with 
equal length channel section struts 22" long which, with the 
su»~porting blocks, etc., gave an effective length of 24.5" for 
@uler failure. 

Since accurate knowledge of the end fixity is essential 
for the determination of column buekling loads, a great deal of 
care was taxen to apprach as nearly as possible the hinved ends 
condition for the channels tested. i sketch of an end blocx snd 
plate used is shown in Hig. 1. The plate 4 was machined on the 
upper side with VY grooves and these grooves received the ond of 
the svecimen, which had been filed to an angle of 60 degrees, as 
shown in sketch. In filing the ends, great care was taken not to 
file avay any of the center line and to Keep the ends square. 

The key and keyway connecting 4 and B allow a movement of A, 
(and thus the end of the specimen) by means of the set screws C, 


relative to E (the point of application of the load). The tion 


~ 21 - 


of A ond B is such that © always moves alone the axis of symmetry 
of the snecimen, and in this manner the point of application could 
be vnlaced exectly on the center of gravity of the section. In 
order to obtain definite end conditions for Euler buckling, a 

5/8" hardened stecl ball inserted in the opposite side of the 

end blocks transmitted the compressive load from the test machine 
to the end block, plates and channels. The struts thus had pure 
hinged ends and could buckle in any direction. It was found, 
however, that a slight dent made by the steel ball in the cage 
plate by one or two tests in the same spot would sive erratic 
results for Euler failure, due to the change in Tixity of the 

ends if the ball was placed in the dent for subsequent tests. To 
eliminate this source of error, hardened steel discs were made 
for the ball to rest on and the dises shifted after each test. 

It was also found that the slight support given a channel by the 
Ames dial sauge used for lining up the specimen would vrevent 
Euler failure at the thearetical point and carry the load, in many 
cases, far above the Suler value. Yor this reason, after the 
channel was lined up (initial eccentricities removed), the dial 


gauge was renoved before continuing the test. 


=a" = 


= 


The tests were made on a Riehle Bros. testing machine 
of 3000 lbs. capacity. The machine was a tension tyne but was 
converted for compression tests by means of the cage shown in 
the illustrations, Fis. 2. 

The specimens tested were of 17ST aluminum alloy 
and center line dimensions were used for all calculations. The 
specimens of .025" thickness were made in an ordinary hand brake 
with radius of curvature at the corners of approximately 1/16", 
but the specimens of .051" thickness were manufactured by the 
Douglas Aircraft Company of Santa Monica, California, since 
this material was too heavy to bend on a hand brake without 
cracking. Extreme care was necessary in squaring the ends, due 
to the tendency to have torsional failure from uneven stress 
distribution if the entire end of the channel was not flush in 
the bottom of the grooves. This was accomvlished by milling off 
anproximately .OO01L" on each ond after the ends hsd been chan7fered. 
The channels were made with the srain (i.e. direction of rollins) 
of the material varallel to the ansles. This was done due to the 
marked difference in the stress strain curve taxen normal or parsllel 
to the direction of rolling found by tests of the Bureau of Standards 


6) 


for N.A.C.A. On duralumin sheet, and the common practice of 


manufacturing stiffeners with the crain in this direction. 


- 25 = 


In order to properly line up the specimen in the 
cage, wooden jigs were constructed which would place the two 
points of contact (E) directly over one another when the end 
blocks were fitted in the jigs. An Ames dial gauge was then 
placed at the center of the specimen and the end plates adjusted 
equally, as load was applied, until all the eccentricity of 
the channel was removed as indicated by a constant reading on 
the gauge for considerable part of the expected load. The 
removal of all initisl eccentricity must be very exacting for 
satisfactory results due to its influence both in Euler and 
torsion failure. The gauge was then removed and the load in- 


creased by small increments until the specimen failed. 


—~ 4. 


VII. DISCUSSEON °F EP TWHSTAL RESULTS: 

ihe first tests meade were of the t = .025" b= 0.4" 
channels varying the back from 0.4" to 2.0" for which quite 
consistent Huler failures were obtained and which followed the 
Suler curve very closely (Fig. 5) showing that the end conditions 
were as desired (approximately unity). The next seb of channels 
HeEtTCd was t = .025" b = 0.6" which zave three torsion failures 
with the shorter backs and the remainder “uler feilure as may 
be seen on Fi. 4. It will be noted that the torsion failures 
Oobtuined durins the investigation wers all consistently hisher 
tian tojeir theoretical torsion curves. The theoretical curves 
are based on an agsumption of frée encs, i.e. the ends are 
allowed to warp when the channel twists. This condition naturally 
is practically impossible to obtain and resulted in the channels 
resisting the torsional moments until a hisher load than the 
theoretical value was obtained. The channel would then fail in 
torsion and in failing would cause 4 local buckling of one corner 
of a leg indicating the tendency for the legs to warp in torsion 
failure. If, however, the stress reached the fuler value before 
this occurred, “Suler failure would result, as clearly shown by 
this set of voints following the Euler curve after three torsional 


failures. 
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It being desirable to obtain plate failure also, 
channels were chosen t = .O8B” b= O80" T oe .025” b= 1.03 
t = .025" b=1.3"; t = .051" b= 1.5"; to insure plate failure 
of thé legs. The test values obtained for these channels, as 
may be seen in Fig. 9, followed the general curvature of the 
theoretical plate failure curve except for those points where 
b> / - It’'is suggested for design that the dotted curve 
faired through the experimental points shown in this figure be 
used. 

In this region, ectie mee wwe scatter is apparent due 
to the tendency toward torsional failure, five of which were 
definitely soe It is felt that several of the other points were 
probably a combination of torsion and plate failure, since a 
small ,additional load after plate failure in this region would 
result in a twisting of the channel, but the initial failure 
could not be definitely designated as other than rlate amavere’. 
For all the points shown, not marked as torsional, in this group 
of channels plete failure of the legs occurred similar to Fig. 2. 
The low values obtained for this set of channels as compared to 


the theoretical plate failure curve is explainable by the fact 


- 26 ~ 


that in the theoretical analysis for this case, the ssumntion 
was made that the ecnersy of the deformed section could be ob- 
tained by assvr.in-; that the legs deform as a straight line. 
This assumrtion will hold for very large valves of w, or small 
b/w ratios, but as w becomes small, or h lurge (lurge b/w ratios), 
then the assumntion ofa straizht line iefl-e-ction for the legs 
breeks down. This must be true since at the limit (w—» 0, 
b/w —~—» oo), the legs of the channel will act as vnlates fixed 
elong one side, and will obviously not have a straivht line 
Geflection curve. Thus for larre values of b/w the treatment 
mrreviously ctiven leads to a hicher value of i than vould be 
exnscted from exnerinental tests. “robadle discrenancies in 
the en? coniitions may S56 be held ourtially secountable for 


the low value. 


Vill. CONCLUSIONS: 

It {ts fully appreciated that the method of securing 
a channel strut in a structure will vary from no support to 
rigid sunport for the back, and that the degree of this support 
will greatly influence the amount of fixity given the edge of 
the legs. It is hoped, Henerens that this investigation will 
at least sive fan basis for makine a first approximation of 
the strensth of channel section struts. 

The authors believe that this investigation has 
demonstrated the feasibility of analyzing all sections built 
uv of iia sheet elements such as JL, LN, ete., theoretically 
with some degree of accuracy, since fundamentally they all re- 
duce to the same question of determination of K at the corners. 
It will be noted that the experimental points check the theoretical 
values for the plate failure curve quite closely in the usual 
pange of channel sections, i.e. 0-4 <2 <0.7 and beyond this 
range the torsion failure region is entered and failure occurs 
in this manner. 

It is recommended that further investigation of this 
type of channel be made for different methods of securing in a 
structure. Investigation of thin sheet stiffener sections made up 
of curved sections would also be of considerable value to the 


vem 


aeronautical industry. 
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TEST DATA 


Channel Dimensions Test Values - 

Thickness Back Leg B/W Load Stress K 
S029 leo & a 1.000 388 9220 Sao 
Lek & 190 28335 329 4150 ~665 

1eé x 1.0 0714 400 4730 76 

136 & le e625 595 4420 0 VeO 

‘16 # 1.0 ~500 383 3860 .618 
sno ok 16950 330 6140 2628 
Ok Ls@e0 588 6500 06635 
1,08 8 e800 581 9020 0815 
lw.x 78 «667 503 7220 0700 
14x .8 coe. 493 6620 o675 

lvoe z 38 -500 481 6040 e815 
lw 0444 474 5610 0074 
200 K oS e400 499 5570 oOr4. 

«025 4 xk 26 1.00 136 5510 °202 
sx «6839 1.000 200 4575 0263 
ck + 750 293 8000 2047 
1370 & 25 600 548 6480 oro 
Lex mG - 900 UOO 6550 2082 
1.4 x .6 428 396 6210 2560 
6 36 mY 5) 400 5850 2509 
lige x 6 eQ00 3597 5390 oon 
ago x 6 Pe) 0)8) 420 9340 on 
Ale yes 4X 04 1.900 "84 2900 074 
6 xX ot 2670 1635.5 3040 «Ono 
cok «300 126 3200 082 
iwoex a «490 117 2670 .068 
tae «Ge Pw) 142 2900 0074 
lat ze sf ~286 147 2720 ~070 

1.6x e4 200 155 2600 O87 
leo Kk s@ 0228 VSS 2470 063 

ae X  «# 200 148 2150 “O55 


TEST DATA (cont’?d) 





Channel Dimensions Test Yalues 


- 00 - 


Thickness Back Leg B/W Load Stress 
O08. Loam & 16d 1.08 2197 11409 
1.62 x de Jee 1978 10350 

Le4exX oso 0930 2100 10420 

Lax Led 0930 29530 11550 

Lee X dad 814 24.69 Lao 

mb & lad 0314 2427 11450 

es ae eS Pon e 2545 11450 

1 Bex 1.3 si2e 2610 7 a0 

wo. x leo esa0 2200 9500 

es) x led 2690 2088 11150 

#051 126 S155 L¢@20 1920 8650 
lod x cee WweOZ0 2200 9900 

lew 1 «3S 22:00 9480 

®6 x 1.8 958 Age 9380 

ete x Lg 334 2106 11500 

1.2 x 1.0 834 2205 10975 

oaoex 15 °750 2044 12340 

200 x 1.5 «750 2185 1TS60 
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View of Testing Machine Showing the Apparatus 


_) 





Used and Typical Pyjate Failure of 


the Legs of the Svecimen 


View of Testing Machine Showing 
Compression Cage, Method of Mounting, 
and Typvical Torsion Failure 


of the Specimen 
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